. 1992. Do rainbow trout and Atlantic salmon discriminate kin? Can. J. Zool. 70: 1636-1640. The purpose of this study was to determine if juvenile Atlantic salmon (Salmo salar) and rainbow trout (Oncorhynchus mykiss) can discriminate kin from non-kin, since other salmonid species (coho salmon (Oncorhynchus kisutch) and Arctic charr (Salvelinus alpinus)) have been shown to possess this ability. When tested in water conditioned by conspecifics (kin and non-kin) and heterospecifics in a two-choice tank, both rainbow trout and Atlantic salmon demonstrated a significant preference for kin over non-kin and heterospecifics, indicating that these species possess kin-discrimination abilities. This ability appears to be widespread among salmonid fishes.
Introduction
The ability to discriminate kin (kin recognition) can be inferred when an individual exhibits differential behaviour towards conspecifics based on the degree of relatedness (Hepper 1986; Fletcher 1987; Waldman et al. 1988; Armitage 1989) . Kin-discrimination abilities have been demonstrated in species ranging from eusocial insects to humans (e.g., insects (Breed and Bennett 1987; Michener and Smith 1987), amphibians (O'Hara and Blaustein 1982; Blaustein and O'Hara 1986; Jasienski 1988) , fish (McKaye and Barlow 1976; Barnett 1977 Barnett , 1981 , nonhuman mammals (Blaustein et al. 1987; Walters 1987) , humans (Wells 1987) ). In salmonid fishes, studies have demonstrated that juvenile coho salmon (Oncorhynchus kisutch) and Arctic charr (Salvelinus alpinus) are capable of discriminating between kin and non-kin individuals, and prefer kin when given the 'choice' (Quinn and Busack 1985; Quinn and Hara 1986; Olsen 1989) . The basis for this discrimination is olfactory cues, although the above authors do not exclude the possibility of the secondary use of other sensory modalities (i.e., vision).
Both rainbow trout and Atlantic salmon share life-history
Methods
Test fish Domestic rainbow trout and wild-caught Atlantic salmon broodstock were used to create kin groups. For each species the eggs of one female were fertilized with the milt of one male (two females and two males were used to give two distinct kin groups per species). After water hardening (hardening of the egg by adding water after fertilization), each kin group was divided into two, giving four groups for each species (kin reared together and reared apart for two kin groups), which were placed in separate trays in an incubator system. After yolk absorption, the fry were placed in tanks fed by a partially recirculating water supply with approximately 150% water replacement per day. The sides of each tank were covered with black plastic to prevent visual contact with conspecifics. Fish were fed ad libitum three times per day with salmon-trout starter feed. Water temperature in the holding tanks and the test tank ranged from 9 to 12.5"C over the study period. The density of fry was approximately 200 per 80-L holding tank. Testing began approximately 3 months posthatching (mean weight 1.55 f 0.48 and 0.81 f 0.24 g and mean length 2.41 f 0.32 and 3.1 f 0.30 cm for trout and salmon, respectively).
traits with coho salmon and Arctic charr (e.g., Scott and lank The test apparatus consisted of an opaque acrylic tank, similar to Crossman 1973; Dill 1977; Berg and Northcote 19851, and that employed by @inn and Busack (1985) . The tank measured we predicted that the two former salmonid species will also were used to provide flow through the tank. Two buckets were filled continuously with water from the ambient fresh water supply, which was fed into the tank at approximately 2.5 L min-'. Cue water, taken directly from the corresponding holding tank(s), depending upon the trail configuration, was supplied from the remaining two buckets to the tank at approximately 1 L . min-I. The combined flow of the cue and ambient waters was sufficient to generate a mean current of approximately 6 -8 cm . s-I .
Experimental protocol
Fish were tested in one of four trial configurations: (i) kin vs. blank water sample (ambient fresh pond water), (ii) non-kin vs. blank water sample, (iii) kin vs. non-kin, and (iv) non-kin vs. heterospecific. For either species, 20 fish were tested individually per trial configuration, and each fish was tested only once. In the case of the kin vs. non-kin trials, siblings reared together and separately were tested (20 of each, i.e., n = 40 for kin vs. non-kin trials).
A single fish was placed in the start area of the test tank and allowed a 5-min acclimation period, then the flow was started and the fish was given an additional 10 min to acclimate. At this time the removable opaque barrier was lifted and the trial began. Test trials lasted 10 min, and two behavioural measures were recorded: (i) initial and final choice (or no choice), and (ii) percent time spent in choice alleys or the no-choice area. The fish was considered to have made a 'correct' choice when it responded to the water conditioned by kin (or non-kin in the case of the non-kin vs. blank and non-kin vs. heterospecific trials), and to have made an 'incorrect' choice when it was in the other choice alley. In addition, the number of times the fish moved from one area of the tank to another ('change') was recorded. The fish was recorded as making a choice when it was oriented towards the flow and at least one-half of its body had crossed the position of the removable barrier. The initial choice was the first crossing into either alley; the position of the fish at the completion of the trial was recorded as the final choice. Time spent in the correct choice alley, incorrect choice alley, and start area (no choice) was recorded, and the proportions were calculated by dividing by total time. The location of water was reversed each trial, to avoid location bias. The tank and buckets were drained and rinsed with salt water and then with ambient fresh water between trials to ensure that chemosensory cues did not remain from previous trails.
Initial and final choices were analyzed using a binomial test for deviations from chance distribution (Siegal 1956 ). The proportions of time were analyzed using Friedman's analysis of variance and Wilcoxon's signed ranks tests (Siegal 1956; Sokal and Rohlf 1981) for individual comparisons, and the number of changes was analyzed using a two-tailed Student's t-test (Sokal and Rohlf 1981) .
When the opaque barrier was removed, both salmon and trout swam about .the tank. Movements typically ceased after 3 -5 min, at which time the fish would hold position near the upstream end (i.e., close to the source of the cue) of a choice alley. Salmon were generally more active, making significantly more changes than trout (mean changes 15.6 f 2.96 vs. 11.9 f 1.35 for salmon and trout, respectively; Student's t = 4.381, p < 0.0003). Neither species showed significant differences in the initial choice (i.e., made as many correct as incorrect choices) over any of the four trial configurations (Table 1) . In all trials both Atlantic salmon and rainbow trout demonstrated significant differences in the final choice, choosing the correct alley over the incorrect alley (Table 1) .
For the kin vs. non-kin configuration, trials run with siblings reared together or apart were compared using Wilcoxon's signed ranks test. No significant differences were found between kin reared together and those reared apart (Atlantic salmon: Z = 1.12, p = 0.26; rainbow trout: Z = 0.07, p = 0.96) and data were pooled for further analysis. Both rainbow trout and Atlantic salmon spent a significantly greater proportion of time in the correct choice alley (e.g., in the kin alley for the kin vs. non-kin trial configuration) in each of the four trial configurations. This indicates a preference for kin over blank water, non-kin over blank water, non-kin over heterospecifics, and kin over non-kin in each of the trial configurations (Table 2, Figs. 1 and 2) .
Discussion
These data demonstrate that both specifics are capable of discriminating kin from non-kin conspecifics on the basis of water-borne chemosensory cues. Both Atlantic salmon and rainbow trout spent a significantly greater proportion of time in water conditioned by kin than in water conditioned by nonkin when given the choice, and were observed to have made significantly more correct choices at the completion of the 1 0-min observations. It has been argued that the adaptive significance of the ability of salmonids to discriminate kin is primarily associated with schooling behaviour (Quinn and Busack 1985; Olsen 1989) , though this hypothesis has not been experimentally examined. It is argued that a variety of benefits may accrue from schooling with kin rather than with non-kin (e.g., decreased risk of predation, increased foraging efficiency, cooperation within a school (Waldman 1982; Quinn and Busack 1985; Olsen 1989) .
Rainbow trout and Atlantic salmon are highly territorial at the juvenile, stream-dwelling stage, as are coho salmon and, to a lesser extent, Arctic charr. Both rainbow trout and Atlantic salmon begin to actively defend feeding territories shortly upon emerging from the redd (the nest excavated by the female in the gravel substrate; Burner 195 1; Dill 1977; Gibson 1978) , and remain almost exclusively territorial until they leave the stream as smolts (Scott and Scott 1988) . Thus, the suggestion concerning adaptive significance put forward for coho salmon (Quinn and Busack 1985) and Arctic charr (Olsen 1989) may not be sufficient to explain the kin-discrimination ability of either rainbow trout or Atlantic salmon. Other explanations of adaptive significance associated with kin discrimination should be postulated, particularly those associated with ter- Wilson 1975) benefits. This may be achieved through a reduction in the frequency of territorial defence behaviours exhibited in the presence of kin (Brown and Brown 1992) . Grafen (1990) suggests that the phenomenon commonly referred to as kin discrimination (recognition) is merely an artefact of conspecific recognition. He argues that since kin are typically the first conspecifics encountered, it is an individual's familiarity with kin that biases conspecific recognition of kin. This will appear as a behavioural preference for related conspecifics. There are two components to Grafen's model: simple familiarity and a genetic component of recognition cues. A partial test of Grafen's hypothesis would be to eliminate the effects of familiarity. While we observed no differences between kin reared together and apart, we cannot refute Grafen's arguments concerning familiarity, since a partially recirculating water supply was employed for this study. To control for the effects of familiarity, and, hence, to test Grafen's hypothesis, eggs and fry would have to be reared in complete isolation from the time of fertilization until testing. While this would not address the genetic component of Grafen's hypothesis, it would allow us to eliminate familiarity as the mechanism of kin discrimination in these salmonids.
The two behavioural measures employed during this study are common to tests of kin discrimination in a wide variety of species (e.g., Quinn and Busack 1985; Quinn and Hara 1986; Blaustein and O'Hara 1986; Olsen 1989) . The data suggest, though, that the proportion of time spent in each stream channel is a more reliable dependant variable. Both measures suggest the existence of kin discrimination in these fishes, but the initial -final choice measure may be open to artefacts (type I1 errors). If a fish were to make several changes it is possible that upon completion of the 10-min observation period, it had just moved from the correct to the incorrect choice alley, so an incorrect response was recorded. It is possible that the fish had spent most of the time in the correct choice alley. This was likely the case in the salmon kin vs. blank trial configuration, where no significant difference was observed between correct and incorrect final choices. By relying solely upon the initialfinal choice measure, we may have obscured the results (increased type 11 error) and failed to conclude that both rainbow trout and Atlantic salmon are capable of kin discrimination.
In summary, it appears that both rainbow trout and Atlantic salmon are capable of discriminating conspecifics on the basis of water-borne chemosensory cues. The results of this study bring to four the total of salmonid species that have been shown to possess this ability, suggesting that this phenomenon may be widespread among salmonids.
